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(57) Ahatraet: The invention provides an 
apparatus and a method for generating spread 
spectrum clock signals* &e method comprising 
the steps of: (La) d^ermimng a rdatioiisbip 
R between a fundamental period T of a dock 
signal and a period offset DT, (l.b) receiving a 
clock signal having the tiindamental period T, 
(l.c) of adjusting the delay step DS so that the 
spread spectrum clock signal to be produced 
during step (l.d) has a period that ranges 
between (T-DT) and (T+DT). (l.d) producing 
a spread spectrum clock signal having a period 
that ranges between (T-DT) and (T+DT). Steps 
(l.c) and (l.d) can be repeated dthcr constantly, 
in manner that compensated for either variations 
in the delay step, in the variable delay period 
and/or for changes hi the fundamental period. 
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AN ADJUSTABLE SPREAD SPECTRUM CLOCK GENERATOR AND A 
METHOD THEREOF 

Hdd of the invention 

5 

An adjustable spread spectrum clock.generator and a method thereof. 
Background of the invention 

10 Many electronic devices require at least one clock signal for synchronization. 

The geno-ation of high frequency clock signals causes electromagnetic interferences 
that have peak amplitudes at the clock frequency and at its hannonics. 

Spread spectrum clock generators reduce the amplitude of the electromagnetic 
interference components by spreading the clock frequency within a predetermined 

IS range of frequencies. Some prior art spread spectrum clock generators are illustrated at 
the following U.S. patents: 5,651,035 of Tozan et al.; 6»014,063 of Liu et at.; 
5.872,807 of Booth et al.; 5,812,590 of Black et al. 

Prior art solutions are adapted to handle a fixed clock signal having a 
predetermined clock frequency. Furthemiore, prior art spread spectrum clock 

20 generators are characterized by fixed parameters. For example, Liu suggest to generate 
a spread spectrum clock by providing a clock signal to a plurality of delay lines, 
generating a plurality of delayed clock signals and selecting various delayed signals. 
The delay of the delay lines is fixed. This solution is also eno'gy consuming, because 
many delay lines are activated even if the do not take part in the provision of a delayed 

25 clock signal. Liu furUier suggests spread spectrum clock generator that has a Current 
Controlled Oscillator, wherein the current to the CCO is either increased or decreased 
by a fixed amount Booth describes a spread spectrum generator that is also very 
complex, and is limited to relatively slow variations in the clock frequency. 

Prior art solutions are not adapted to comprasate for variations of the clock 

30 frequency and/or in the behavior of the spread spectrum clock generator. The clock 
frequency can be changed, either intentionally or not. A clock frequency can be 
depended upon an operating mode of the device. The clock frequency can be lowered 



CONFrRM^JION COPY 



wo 01/71918 PCT/IB01flKM14 

2 

in order to save energy when the device operates at an idle mode or at a low energy 
consumption mode. Variations in the temperature of a device can alter the clock 
frequency and the spread spectrum clock genwator behavior. Furthermore, component 
tolerances and process variations often result in wide variations in the clock frequency 
5 and in the characteristics of the spread spectrum clock generator. 

Many modem devices are driven by at least two clock signals. For example, a 
single mobile phone can handle a plurality of cellular phone systems, such as GSM, 
JDC, PCN, PCS, AMPS, DECT and CDMA. Each system has its own operating 
frequency. Thus, such a cellular phone is driven by various clock signals having 

10 different frequencies. Designing a separate spread spectrum clock generator for each 
frequency is time consuming and complicates the design of the device. Therefor, there 
is a need to provide a reusable single spread spectrum clock generator block. 

There is a need to provide an adjustable spread spectrum clock generator and a 
method thereof. There is a further need to provide an auto-calibrated spread spectrum 

15 generator for compensating for variations in the clock frequency or in the behavior of 
the spread spectrum clock generator. 

Brief description of the drawings 

20 While the invention is pointed out with particularity in the q>pended claims, 

other features of the invention are disclosed by the following detailed description 
taken in conjunction with the accompanying drawings, in which: 

FIG. 1 is a flow chart diagram of a method for generating a spread spectrum 
clock signal, according to a preferred embodiment of the invention; 
25 FIG. 2 is a flow chart diagram of a method for generating a spread spectmm 

clock signal, according to another preferred embodiment of the invention 

nG.3 is a schematic description of an apparatus for generating a spread 
spectrum clock signal, according to a preferred embodiment of the invention; and 
FIG. 4 is a schematic description of a variable delay unit, according to a 
30 preferred embodiment of the invention. 
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Detailed descriptloii of the drawings 



PCT/IBOl/00414 



It should be noted that the particular terms and expressions employed and the 
particular structural and operational details disclosed in the detailed description and 
S accompanying drawings aie for illustrative purposes only and are not intended to in 
any way limit the scope of the invention as described in the appended claims. 

The invention provides an improved method that overcomes the disadvantages 
of the prior art methods by delaying a clock signal for a variable delay period, wherein 
the variable delay period is adjusted to handle various clock signal frequencies, and to 
10 compensate for changes in various parameters that influence the variable delay period. 

The invention provides a method for generating spread spectrum clock signals, 
the method comprising the steps of: (l.a) determining a relationship R between a 
fundamental period T of a clock signal and a period offset DT; (l.b) receiving a clock 
signal having the fundamental period T; (l.d) determining DT and producing a spread 
15 spectrum clock signal having a period that ranges between (T-DT) and (T+DT). DT is 
based upon T and R. The clock signal is delayed by a variable delay period. The 
variable delay period can be changed (a) each clock cycle, (b) randomly, (c) in a 
predetermined manner, (d) by a delay step DS, (e) by multiples of the delay step DS. 
DS is usually smaller dian period offset DT and is much smaller than fundamental 
20 period T. Conveniently, the spread spectrum clock generation involves passing the 
clock signal througih a variable delay line, for delaying the clock signal for a variable 
delay period 

The invention further provides a method for generating spread spectrum clock 
signals, the method further cominising step (Lc) of adjusting the delay step DS so that 

25 the spread spectrum clock signal to be produced during step (l.d) has a period that 
ranges between (T-DT) and (T+DT). Steps (l.c) and (l.d) can be repeated either 
constantly, in maimer that compensated for either variations in the delay step, in the 
variable delay period and/or for changes in the fundamental period . The delay step 
and/or the behavior of the spread spectrum clock genemtor can vary when the 

30 temperature of the spread spectrum generator or the device that is coupled to it varies. 

The invention provides a method for generating spread spectrum clock signal, 
the method involves an adjustment stage in which step (l.c) further comprising the 
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steps of: (Lc.l) providing a clock signal to an adjustable delay line and generating a 
delayed clock signal, and {l.c.2) comparing the clock signal and the delayed clock 
signal and changing DS accordingly. Conveniently, the delayed clock signal is 
provided to a first counter and the clock signal is provided to a second counter. 
S The invention provides a method and ^aratus for generating spread spectnmi 

clock signal. The clock signal passed Arougb a variable delay line having a variable 
delay period. The variable delay period of the variable delay line 
is controlled by a control word, and step (l.c) further comprises the steps of: (l.c.l) 
learning at least one control word CW that causes the variable delay line to delay the 
10 clock signal by at least a delay step DS; and (1 .c.2} storing the at least one control 
word CW so that the at least one control word can be provided to the variable delay 
line during step (l.d). Step (Lcl) can involve learning a set of control words that 
cause the variable delay line to delay the clock signal by multiples of DS. 

Conveniently, the variable delay period is controlled by a combination of a 
IS basic set of control signals. Step (Lb) is followed by step (Lc) of learning and storing 
the basic set of control signals. Steps (l.c) and (l.d) can be repeated either constantly, 
in manner that compensated for either variations in the delay step, in the variable 
delay period and/or for changes in the fundamental period. 

The invention provides a method and apparatus for generating spread spectrum 
20 clock signal. The variable delay period can be (he sum of a plurality of delay sub- 
periods. The length of each delay sub-period is controlled by at least one basic control 
signal out of the basic set of control signals. The combination of the basic set of 
control can vary cither each clock cycle, vary randomly or in a predetermined manner. 
The invention provides an apparatus for generating a spread spectium clock 
25 signal, the apparatus comprising : A variable delay line, for receiving a clock signal 
having a fundaments period T, delaying the clock signal for a variable delay period 
and providing the spread spectium clock. A control unit, coupled to the variable delay 
line, for receiving a control parameter R, R defining a relationship between die 
fundamental period T and a period offset DT, the control unit is adapted to control the 
30 variable delay period of the variable delay line so that the spread spectrum clock has a 
period that ranges between (T-DT) and (T+DT). Convenientiy, DT is much smaller 
than T, DT equals T*R. 
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The invention provides an apparatus for generating a spread spectrum clock 
signal, the apparatus further comprising a learning unit, coupled to the control unit* for 
receiving the clock signal and adjusting the delay step DS so that the spread spectrum 
clock signal to be produced during step (l.d) has a period that ranges between (T-DT) 
S and CT+DT). The learning unit can be activated either constantly, 

in manner that compensated for either vidations in the delay step, in the variable 
delay period and/or for changes in the fundamental period . 

The invention provides an apparatus for generating a spread spectrum clock in 
which the control unit sends the variable delay line a plurality of contml signals for 

10 determining the variable delay period. The learning unit is adapted to learn and to 
store at least one control word CW that causes the variable delay line to delay the 
clock signal by at least a delay step DS. The control word CW is further provided to 
the control unit and to the variable delay line. Conveniently, the learning unit is 
adapted to learn a set of control words that cause the variable delay line to delay the 

IS clock signal by multiples of DS. 

The invention provides an apparatus for generating a spread spectrum clock 
wherein the variable delay period is controlled by a combination of a basic set of 
control signals. The learning unit is ad^ted to learn and store the basic set of control 
signals. The control unit receives the basic set of control signals &om the learning 

20 unit and provides the combination of the basic set of control signals to the variable 
delay line. 

The invention provides an apparatus for generating a spread spectrum clock 
wherein the variable delay line comprises of a plurality of serially coupled variable 
delay units, each variable delay unit delays a signal by a delay sub-period. The length 

2S of each delay sub-period is controlled by at least one basic control signal out of the 
basic set of control signals. The combination of the basic set of control signals is 
varied either constandy, in manner that compensated for either variations in the delay 
step, in the variable delay period and/or for changes in the fundamental period. 

FIG. 1 is a flow chart diagram of method 10 for generating a spread spectrum 

30 clock signal, according to a preferred embodiment of the invention. Preferably, 

method 10 comprises steps 20, 30 and SO, all steps illustrated by blocks. Solid lines 
29 and 39 coupling the steps indicate a preferred method flow. 
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Method 10 for generating spread spectrum clock signals, comprising the steps 
of: step 20 of determining a relationship R between a fundamental period T of a clock 
signal and a period offset DT. Step 30 of receiving a clock signal having the 
fundamental period T. Step 50 of producing a spread spectrum clock signal having a 
5 period that ranges between (T-DT) and (T+DT), DT being derived from fundamental 
period T and the predetermined relation R. Method 10 allows to generate a spread 
spectrum clock signal for various clock frequencies. Method 10 allows to design a 
reusable spread spectrum clock generator. Step SO can jump to step 30 for checking 
the clock fundamental period and for adjusting the variable delay period in order to 

10 compensate for variations in the clock fundamental period. Conveniently, DT is much 
smaller than T in order to allow a proper operation of a device that receives the spread 
spectrum clock. DT typically is smaller than 0.01 *T. 

Step SO involves delaying the clock signal by a variable delay period. The 
variable delay period is varied in order to spread the energy of the clock signal and its 

IS harmonics over a frequency range. The variable delay period can be varied (a) each 
clock cycle, (b) randomly, (c) in a predetermined manner, (d) by a delay step DS, (e) 
by multiples of the delay step DS. DS is usually smaller than period offset DT. 
Conveniently, step 50 involves passing the clock signal through a variable delay line, 
for delaying the clock signal for a variable delay period. 

20 FIG.2 is a flow chart diagram of method 1 1 for generating a spread spectrum 

clock signal, according to another preferred embodiment of the invention. Preferably, 
method 10 comprises steps 20, 30, 40 and SO, all steps illustrated by blocks. Solid 
lines 29, 39, 49 and 59 coupling the steps indicate a preferred method flow. 

Method 1 1 allows to compensate foar variations the clock frequency and/or in 

25 the characteristics behavior of the spread spectrum clock generator. Method 1 1 is 

analogues to method 10 but has an additional step 40 of adjusting the delay step DS so 
that the spread spectrum clock signal to be produced during step 50 has a period that 
ranges between (T-DT) and (T+DT). Step 40 allows to compensate for variations the 
clock frequency and/or in the characteristics behavior of the spread spectrum clock 

30 generator. Conveniently, steps 40 and SO are repeated constandy, so that method 1 1 
allows constant compensations, ff the variations in either delay step, fundamental 
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frequency follow a predetemiined pattern, or can be detected than steps 40 and SO are 
to be repeated accordingly. 

Step 40 further involves steps 42 and 44. Step 42 of generating a emulation 
signal by an emulator of the variable delay Une, comparing the clock signal and the 
5 emulation signal and changing DS accordingly. 

Conveniently, the emulated signal is provided to a first counter and the clock 
signal is provided to a second counter. Step 44 will be further explained in accordance 
with FIG. 3. 

10 In another preferred embodiment of the invention step SO involves passing the 

clock signal passed through a variable delay line having a variable delay period. The 
variable delay period of the variable delay line is controlled by a control word. Step 42 
involves learning at least one control word CW that causes the variable delay line to 
delay the clock signal by at least a delay step DS. Step 44 involves storing the at least 

IS one control word CW so that Che at least one control word can be jmovided to die 
variable delay line during step SO. Step 42 can also be implemented by learning a set 
of control words that cause the variable delay Une to delay the clock signal by 
multiples of DS. 

In yet another preferred embodiment of the invention, the variable delay period 
20 is controlled by a combination of a basic set of control signals. Step 40 involves 

learning and storing the basic set of control signals. Conveniently, steps 40 and SO are 
repeated constantly, so that method 1 1 allows constant compensations. If the 
variations in either delay step, fundamental frequency follow a predetermined pattern, 
or can be detected then steps 40 and SO are to be repeated accordingly. 
2S In yet a further preferred embodiment of the mvention, the variable delay 

period is the sum of a plurality of delay sub-periods. The length of each delay sub- 
period is controlled by at least one basic control signals out of the basic set of control 
signals. The combination of the basic set of control can vary either each clock cycle, 
vary randomly or in a predetermined manner. 
30 FIG. 3 is a schematic description of an apparatus 100 for generating a spread 

spectrum clock signal. Apparatus 100 comprising: (A) variable delay line 1 10, for 
receiving a clock signal having a fundaments period T, delaying the clock signal for a 
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variable delay period and providing the spread spectrum clock. Conveniently, the 
clock delay is changed by at least one delay step DS. (B) control unit 120, coupled to 
variable delay line 110, for receiving a control parameter R, R defining a relationship 
between the fundamental period T and a period offset DT. Control unit 120 is adapted 
5 to control the variable delay period of the variable delay line so that the spread 

spectrum clock has a period that ranges between (T-DT) and (T+DT). Conveniently, 
DT is much smaller than T, DT equals T*R. 

Apparatus 100 further comprises of a learning unit 130, coupled to control unit 
120, for receiving the clock signal and adjusting the delay step DS so that the spread 

10 spectrum clock signal to be produced during step (l.d) has a period that ranges 

between (T-DT) and (T+DT). Learning unit 130 can be activated either constantly, so 
that apparatus 100 allows a constant compensations for variations in its behavior or in 
the clock signal. If the variations in either delay step or fundamental frequency follow 
a predetermined pattm or can be detected, then learning unit 130 can be activated 

IS accordingly. Learning unit 130 learns the variations in the clock signal or in the 
behavior of apparatus 100 and alter delay step DS accordin^y. 

Control unit 120 sends variable delay line 110 a plurality of control signals for 
determining the variable delay period. Learning unit 130 is adapted to leam and to 
store at least one control word CW thai causes variable delay line 1 10 to delay the 

20 clock signal by at least a delay step DS. The control word CW is further provided to 
control unit 120 and to variable delay line 110. Conveniently, learning unit 130 is 
adapted to leam a set of control words that cause variable delay line 1 10 to delay the 
clock signal by multiples of DS. 

Control unit 120 further comprises of a pattern generator 121, a translation 

25 table 121 . Pattern generator 121 generates a sequence of signals that have a 
predetermined pattern. This sequence is provided to translating table 121 that 
translates the sequence to a control word that defines the delay of the variable delay 
line. Conveniendy, translation table 122 is updated by learning unit 130. These 
updates allow apparatus 100 to compensate for variations in T, DS or in the behavior 

30 of apparatus 100. 

Preferably, pattem generator 121 comprises of a random number generator 129 
and pattem counter 128. Random number generator 129 provides a random or a 
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pseudo-random sequence of numbers to pattern counter 128. Such a generator can be 
implemented by a multi-bit register coupled to a plurality of XOR logic units. The 
context of pattern counter 128 is dther decreased or increased accordingly. 

Conveniently, the variable delay period is controlled by a combination of a 
S basic set of control signals. Learning unit 130 is adapted to learn and stoze the basic 
set of control signals. Control unit 120 receives the basic set of control signals from 
learning unit 130 and provides (he combination of the basic set of control signals to 
variable delay line 1 10. 



10 variable delay units 111-1 18, each variable delay unit delays a signal by a delay sub- 
period. The length of each delay sub-period is controlled by at least one basic control 
signals out of the basic set of control signals provided by control unit 120. 

For example, assuming that a basic control signals BCSl, BSC2, BSC3 and 
BSC4 cause a delay unit to delay a signal by DS, 2*DS, S'^DS and 4*DS accordingly. 

IS Providing control word BSCl to all delay units will cause variable delay line 1 10 to 
delay a clock signal by a delay period of 8*DS (DS+DS+DS+DS+DS-f 
DS+DS+DS+DS). Providing two control signals of each BSCl, BSC2, BSC4 and 
BSC4 to delay units 111-118 will cause variable delay line 1 10 to delay a clock 



Preferably, variable delay line 1 10 comprises of a plurality of serially coupled 



20 



signal by a delay period of 22*DS 2*(DS + 2*DS + 4*DS + 4*DS). 

A portion of an exemplary translation table 122 is shown below : 
Input signal Translation table output signal 



25 



(output of pattern generator) 

•00000' 0,0,0,0,0,0,0,0 

'OOOOr 0.0,0,0,BSC1,0.0,0 

•00010* 0,0,03SC2,0,0,0,0 

'OOOir BSC3, 0,0,0,0,0,0,0 

*00100* 0,03SC4,0,0,0,0,0 

•OOlOr 0.0,0.0,BSC43SC1,0,0 



30 



•11100' 



BSC4, BSC4, BSC4, BSC4, BSC4, BSC4. BSC4,0 



•iiior 



BSC4, BSC4, BSC4, BSC4, BSC4, BSC4. BSC43SC1 
BSC4, BSC4, BSC4, BSC4, BSC4, BSC4. BSC4, BSC2 



*11110' 
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'1 1 1 1 r BSC4, BSC4, BSC4, BSC4. BSC4. BSC4. BSC4, BSC3 
Learning unit 130 adjusts BSCl . BSC2, BSC3 and BSC4 so that the provision 
of BSCl, BSC2, BSCS and BSC4 to variable delay line 110 will result in changing the 
delay by multiples of delay step DS, even if the behavior of apparatus 100 or 
5 fundamental period T vary. 

Learning unit 130 comprises of ah emulation device 141 that emulates variable 
delay line 110, so that learning unit 130 can track aft^ variations in the characteristics 
of variable delay line 110. Emulation device 141 generates an emulated signal that has 
a period that is controlled by a control word that is provided to emulation device. 

10 Learning unit 130 also comprises of comparing unit 142, that receives the clock signal 
and the emulated signal, compares these signals and provides control words to be 
provided to variable delay line 110 so that variations in either the clock signal or of 
the behavior of apparatus 100 do not alter the predetermined relationship R between a 
fundamental period T of a received clock signal and a delay offset DT. 

15 The correlation between learning unit 130, variable delay line 1 10, and control 

unit 120 is better understood from the following example: 

Delay line 110 comprises of eight delay units 11 1-1 18, each is controlled by a 
16-bit control word Basic control signals BCSl, BSC2, BSC3 and BSC4 cause a 
delay unit to delay a signal by DS, 2*DS, 3*DS and 4*DS accordingly. Learning unit 

20 130 learns BSCl, BSC2, BSC3, BSC4 constanUy, and alters them in a manner that 
compensates for variations in the behavior of apparatus 100. 

Random number generator 129 provides a sequence of 16-bit numbers to 
pattern counter 128. Pattern counter 128 is a 5-bit up-down counter that count 'up' 
when a predetermined bit of the number provided by pattern generator 121 is "1" and 

25 counts 'down' when the bit is "0". Pattern counter 128 output signal is provided to 
translation table 128 that translates the ou^ut signal to a control word comprising of 
basic control signals. If pattern generator 128 output equals 11111 than delay line 110 
receives a control word of BSC4, BSC4, BSC4, BSC4, BSC4, BSC4, BSC4, BSC4 
indicating that the delay will be 16 delay steps. If pattern generator 128 output equals 

30 00000 than delay line 1 10 receives a control word of 0,0,0,0,0,0,0,0 indicating that the 
clock signal will not be substantially delayed. 
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Comparing unit 142 comprises of first counter 143, second counter 144, first 
and second registers 145 and 146 and subtracting unit 147. Learning unit 130 is 
controlled by control signals from control unit 120 but also can be controlled by an 
internal control unit (not shown). 
5 Emulation device 141 is a ring oscillator that has a controllable delay period 

ED. Conveniendy, emulation device 141 comprises of an odd number of delay units, 
such as delay unit 1 1 1, 1 12, 1 13 or 1 14 serially coupled to each other, wherein the 
output of the last delay unit is coupled to the input of the first delay unit to form a 
ring. Preferably, a single delay unit is enough. 

10 The controllable delay period ED is controlled by a control word that is 

provided by control unit 120. Emulation device 141 is initialized by setting ED to a 
first value EDI. The output of emulation device 141 is coupled to an input of first 
counter 143. First counts 143 is programmed to overflow each NO counts. NO is a 
progranmiable variable that is provided to first counter 143 by control unit 120. The 

IS output of first counter is coupled to an enable input of second counter 144. Second 
counter 144 receives the clock signal via another input First counter 143 overflows 
after a period of ED1*N0 and when it overflows it sends a signal to second counter 
144, causing second counter 144 to stop counting and to send its content Nl to 
register 145. After Nl is stored, control unit 120 sends a control signal that changes 

20 the delay of emulation device 141 to a second value ED2. Rrst counter 143 starts to 
count and overflows after a period of ED2*N0. When first counter overflows it sends 
a signal to second counter causing it to stop counting and to send its content N2 to 
subtracting unit 147. Subtracting unit 147 receives Nl from register 145, N2 from 
second counter 144 and R*NO from register 146 and subtracting NO and NO*R from 

25 Nl . The product is provided to control unit 1 20 diat either increases or decreases ED 
accordingly. For example, if controllable delay line 110 is controlled by a combination 
of basic control set BCSl, BSC2, BSC3 and BSC4 tiien the learning process is 
repeated four times. While BSCl, BSC2, BSC3 and BSC4 are learned, register 146 
stores NO*R, 2*N0*R, 3*N0*R and 4*N0*R accordingly. 

30 BSCl, BSC2, BSC3 and BSC4 are stored in register file, and are used to 

update translation table 122 of control unit 120. 
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FIO. 4 is a schematic description of delay unit 111, according to a preferred 
embodiment of the invention. 

Delay unit 111 comprises of a plurality of current sources 161-166, a plurality 
of current sinks 171 - 176, an inverter 181, a plurality of switched capacitors 191-193 
S and a driver unit 200. Driver unit 200 preferably comprises of a sense inverter 210 and 
a serially coupled buffer 220, sense inveiter 210 is coupled to the ou^ut of the 
inverter and to one end of the parallel coupled switched capacitors 191-193, for 
sensing the voltage difference upon them. 

Inverter 181 receives an input signal, and according to a portion of a control 

10 word either charges or discharges a plurality of switched capacitors, coupled in a 

parallel manner between the output of inverter 181 and the ground. Preferably, sensing 
inverter 210 is coupled to the output of inveiter 18 1 so that when the voltage potential 
over the switched capacitors is above a first threshold, sense inverter outputs a delayed 
signal having a first logic value. When the voltage is below a second threshold, sense 

IS inv^r 210 outputs a delayed signal having a second logic value. 

Current sources 161-166 are implemented by p-channel MOS transistors, 
current sinks 171-176 are implemented by n-chaimel MOS transistors. Inverter 181 is 
implemrated by a p-channel and an n-channel transistors 182 and 183. Switched 
capacitors 191 - 193 are implemented by a plurality of transfer gates 194-196 that aie 

20 coupled to a plurality of MOS capacitors 197 - 199. A transfer gate comprises of a p- 
channel and a n-charmel transistor that either allow current to pass through the 
transfer gate or isolate the input of the U:ansfer gate from its input. 

Current sources 161 - 166 are coupled in a parallel manner between power 
supply Vcc and the dndn of transistor 182. Current sinks 171 - 176 are coupled in a 

25 parallel manner between the ground and the drain of transistor 183. The gates of 
transistors 161 - 166 and 171 - 176 receive a portion of a control word* The control 
bits of the portion of the control word either activate or deactivate transistor and 
determine which current sources provide current to inverter 181 and which current 
sink *rob' current from inverter 181. Transistors 161 - 166 and 171 - 176 determine 

30 the strength of current that either charges or discharged switched capacitors 191 - 193 
that are coupled to the output of inverter 181. Another portion of the control word 
determines which capacitors are isolated and which switched capacitors are either 
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charged or discharged by inverter 181. For example, BS is fifteen bits wide» six bits 
are used to control current sources 161 - 166, six bits are used to control six cunent 
drains 171 - 176 and three bits are used to control switched capacitors 191 - 193. 
Hie control word controls the delay period by defining a capacitance to be 

5 . charged/ discharged and the strength of a cunent that is used to charge/ discharge it. 

Thus, there has been described herein an einbodinient including at least one 
prefened embodiment of an improved method and apparatus for generating spread 
spectrum clock. It will be apparent to those skilled in the art that the disclosed subject 
matter may be modified in numerous ways and may assume many embodiments other 

10 than the preferred form specifically set out and described above. Accordingly, the 
above disclosed subject matter is to be considered illustrative and not restrictive, and 
to the maximum extent allowed by law, it is intended by the appended claims to cover 
all such modifications and other embodiments which fall within the true spirit and 
scope of the present invention. The scope of the invention is to be determined by the 

15 broadest permissible interpretation of the following claims and their equivalents rather 
than the foregoing detailed description. 



wo 01/71918 



PCT/IBOl/00414 



14 



CLAIMS 



1. A method (10) for g^erating sptead spectium clock signals, the method 
comprising the steps of: 

5 (20) detenxiining a relationship R between a fundamental period T of a 
clock signal and a period offset DT; 

(30) receiving the clock signal having the fundamental period T; and 
(SO) producing a spread spectrum clock signal having a period that ranges 
between (T-DT) and (T+DT). 

10 

2. The method (10) of claim 1 wherein DT = T*R and wherein step (50) involves 
delaying the clock signal by a variable delay period. 

3. The method (10) of claim 2 wherein the variable delay period is varied 
IS randomly. 

4. The method (10) of claim 2 wherein the variable delay period is varied each 
clock cycle by either incteasing or decreasing the variable delay period by at least 
one delay step DS. 

20 

5. The method (10) of claim 2 wherein the variable delay period is varied by at 
least one delay step DS and step (30) is followed by a step (40) of adjusting the 
delay step DS so that the spread spectrum clock signal to be produced during step 
(50) has a period that ranges between (T-DT) and (T+DT). 

25 

6. The method (11) of claim S wherein steps (40) and (50) are repeated either 
constantly, in a marmer that compensated for variations in the delay step, m a manner 
that compensates for variations in the variable delay period or in a manner that 
compensates for changes in the fundamental period . 

30 



7. 



The method (1 1) of claim S wherein the spread spectrum clock generation 
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involves passing the clock signal through a variable delay line (1 10), for delaying the 
clock signal for a variable delay period, and 

wherein step (40) further comprising the steps of: 

(42) generating a emulation signal by an emulator (141) of the variable 
5 delay line (1 10); and 

(44) comparing the clock signal and the emulation signal and changing DS 
accordingly. 

8. The method (10) of claim 2 wherein the spread spectrum clock generation 

10 involves passing the clock signal through a variable delay line (1 10), for delaying 
the clock signal for a variable delay period; and 

wherein step (30) is followed by stsp (40) of adjusting the variable delay 
period so that the spread spectrum clock signal to be produced during step (SO) has a 
period that ranges between (T-DT) and (T+DT). 

15 

9. The method (10) of step 8 wherein the variable delay period of the variable 
delay line is controlled by a control word; wherein step (40) further comprises the 
steps of: 

(42) learning at least one control word CW that causes the variable delay 
20 line (1 10) to delay the clock signal by at least a delay step DS; and 

(44) storing the at least one control word CW so that the at least one control 
word can be provided to the variable delay line (1 10) during step (50). 

10. The method (10) of claim 2 wherein the variable delay period is controlled by 
25 a combination of a basic set of control signals and step (30) is followed by step (40) of 

learning and storing the basic set of control signals. 

1 1. The method (1 1) of claim 10 wherein steps (40) and (50) are repeated either 
constantly, in a manner that compensated for variations in the delay step, in a manner 

30 that compensates for variations in the variable delay period or in a manner that 
compensates for changes in the fundamental period . 
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12. The method (10) of claim 2 wherein the variable delay period is the sum of a 
plurality of delay sub-periods and wherein the length of each delay sub-period is 
controlled by at least one basic control signals out of the basic set of control signals. 

5 13. The method (10) of claim 1 1 wheidn the combination of the basic set of 
control signals is varied randomly. 

14. An apparatus (100) for generating a spread spectmm clock signal, the 
apparatus comprising : 
10 a variable delay line (1 10), for receiving a clock signal having a fundaments 

period T, delaying the clock signal for a variable delay period and providing the 
spread spectrum clock; wherein the variable delay pmod is controlled by a control 
unit (120); 

a control unit (120). coupled to the variable delay line (110), for receiving a 
IS control parameter R, R defining a relationship between the fundamental period T and 
a period offset DT, the control unit (120) is adapted to control the variable delay 
period of the variable delay line (1 10) so that the spread spectrum clock has a period 
that ranges between (T-DT) and (T+DT). 

20 15. The apparatus (100) of claim 14 wherein the variable delay period is varied 
randomly. 

16. The apparatus (100) of claim 14 wherein the variable delay period is varied 
each 

25 clock cycle by either increasing or decreasing the variable delay period by at least one 
delay step DS. 

17. The apparatus (100) of claim 16 further comprising a learning unit (130), 
coupled to the control unit (120), for receiving the clock signal and adjusting the 

30 delay step DS so that the spread spectrum clock signal to be produced during step 
(50) has a period that ranges between (T-DT) and (T+DT). 
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18. The ^paratus (100) of claim 16 wherein the learning unit (130) comprising of: 

an emulation device (141), for emulating the variable delay line (1 10), so that 
the learning unit (130) can track variations in the characteristics of variable delay line 
(110); wherein the miulation device (141) is adapted to receive the clock signal and 
5 delays it; 

a comparing unit (142), for receiving the clock signal and the delayed clock 
signal, comparing them and providing control words that determine the delay step 
DS. 



10 19. The apparatus (100) of claim 18 wherein the comparing unit (142) provides 
control words so that variations in either the clock signal or in characteristics of the 
apparatus do not alter the relationship R between a fundamental period T of the clock 
signal and the delay offset DT. 

15 20. The apparatus (100) of claim 17 wherein the control unit (120) sends the 

variable delay line (110) a plurality of control signals for determining the variable 
delay period; and 

wherein the learning unit (120) is adapted to learn and to store at least one 
control word CW that causes the variable delay line (1 10) to delay the clock signal by 
20 at least a delay step DS; and 

wherein the control word CW is further provided to the control unit (120) and 
to the variable delay line (110). 

21. The apparatus (100) of claim 17 wherein the variable delay period is controlled 
25 by a combination of a basic set of control signals; and 

wherein the apparatus further comprising a learning unit (130), coupled to the 
control unit (120), for learning and storing the basic set of control signals. 

22. The apparatus (100) of claim 21 wherein the control unit (120) receives the 
30 basic set of control signals from the learning unit (130) and provides the combination 

of the basic set of control signals to the variable delay line (110). 



WQ 01/71918 PCT/IBOl/00414 

18 

23. The apparatus (100) of claim 17 wherein the variable delay line (1 10) 
comprises of a plurality of serially coupled variable delay units (111-1 18), each 
variable delay unit delays a signal by a delay sub-pmod; and 

wherein the length of each delay sub-period is controlled by at least one basic 
control signals out of the basic set of control signals. 

24. The apparatus (100) of claim 23 wherein the combination of the basic set of 
control signals is varied each clock cycle. 
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